Photoperiodic induction in vitro: the dynamics of gonadotropin-releasing hormone release from hypothalamic explants of the Japanese quail.
The Japanese quail is a photoperiodic animal that under certain experimental conditions can respond to a single long day with a wave of LH secretion. Such a system offers an opportunity to analyze the photoneuroendocrine changes as they occur in real time, especially as all of the neural machinery (photoreceptor, clock, and GnRH system) is believed to lie within the hypothalamus. The first detectable rise in LH occurs at about hour 23 of the long day, and this single inductive event leads to prolonged LH secretion lasting for up to 2 weeks and peaking 2-4 days after the dawn of the long day. The size of the quail's hypothalamus is such that the entire structure, including both the GnRH cell bodies and the median eminence, can be cultured for some hours, and the rates of GnRH release measured therefrom. The present experiments used hypothalamic explants from quail at different times throughout the photoperiodic response, superfused them for up to 7.5 h in vitro, and measured the dynamics of GnRH release. A significant step increase of 80% in GnRH release occurred between hours 22.5 and 23 in quail that had been exposed to a long day: an equivalent change was not found in hypothalami taken from quail maintained only under short day lengths. In explants taken from quail at the peak of LH secretion (53 h after dawn of the long day), the rates of GnRH release were double those found in control quail not exposed to the long day. Explants taken 14 days after the long day, when LH secretion had subsided fully, showed no difference in GnRH release between photo-stimulated and control quail. These results suggest that photoperiodic induction involves a timed increase in GnRH release, and the rise at hour 23 is believed to represent photoperiodic induction actually taking place within the brain in vitro. They also suggest that the wave of LH secretion triggered by the single long day is, at least in part, a neuroendocrine or neural phenomenon; this confirms earlier indirect evidence to this effect.